Market reactions of the yen/dollar rate to macroeconomic news/statistical announcements are examined using a high-frequency data collected from the real trading platform. First, exchange rate returns in reaction to a surprise component of various macroeconomic announcements are examined. Tankan survey (Bank of Japan, short-term business survey) was found to have consistently large impacts on the exchange rate level. Second, price volatility around the news release announcement on the announcement days are compared to non-announcement days controlling for time of the day, and other institutional variable. It is found that several macroeconomic announcements have significant impact on price volatility.
Introduction
The objective of this paper is to examine impacts of Japanese macro news announcement on the yen/dollar exchange rate using an EBS data set which recorded quote prices and deal prices every second. Several stylized facts have been established for high-frequency movements of the exchange rates in the literature. First, the intra-day seasonality is quite obvious in the number of deals, the number of quote revisions, and bid-ask spread. It has been debated in the literature why a particular time of the day has high-level of transaction and pricing activities compared to other time periods. The first hypothesis is that the exchange rate becomes volatile and deal activities take place when new information on macro fundamentals relevant to the exchange rate determination becomes known to the public, and some of macroeconomic statistics-such as inflation rates, GDP, balance of payments, employment-are announced on the fixed time, usually in the morning, on the regular schedule. Unexpected macro statistic announcements produce market participants to change their assessments of the appropriate exchange rate. If they disagree sufficiently, deals are done. The price discovery process, or digestion of news, requires some minutes, if not hours, of trading. The second hypothesis is that activities and volatilities may be generated with or without major news. Transactions may be stimulated by transmission of real demand orders by large retail customers, which in turn generate the high-level of activities for some time. Lyons' (1997) hot potato hypothesis is a formal model of such a process. Under some circumstances, market participants may react to the market conditions in the way that a shock can be propagated so that heightened activities may be prolonged once some shocks, which may not be related to macro fundamentals. Orders of retail customers and proprietary trading may be generated most when those people first start the business hours in respective time zones. The times of the day thus have natural up and down in activities.
In order to distinguish the two hypotheses, which are not necessarily mutually exclusive, macroeconomic announcements have to be collected carefully and measure their effects on the exchange rate movements. Following the literature, unexpected portions of macroeconomic announcements, a "surprise," are defined by the difference between the actual announcement and the average of expected announcement by the market. By identifying the surprise of macroeconomic news announcements, we will be able to examine the impacts of the news announcements on the exchange rate changes and price volatility. Chaboud et al. (2004) examined US macro announcement impacts on the EUR/USD, USD/JPY rates. They have confirmed a common finding of the recent literature in that the conditional mean of the exchange rate responds very quickly to the unexpected component of data releases. By examining coefficients of news impacts on prices, they found that news releases cause the volume of transactions to rise, and to remain for a longer period. However, in contrast to the result for the level of the exchange rate, even if the data release is entirely in line with expectations, they find that there is still typically a large surge in trading volume.
Obviously, the exchange rates are influenced by many-not only economic but political-variables. However, minute-by-minute changes based on various "news" are often mystery to many macroeconomists, and many of changes are not persistent and disregarded as "noises" by macroeconomists
In recent years, the EBS has provided to researchers with data sets that recorded from the actual trading platform. Intraday activities such as the number of deals and transaction volume in foreign exchange markets are examined by Chaboud et al. (2004) , Berger et al. (2005) , and Ito and Hashimoto (2005) . Baillie and Bollerslev (1990) and Bollerslev (1997, 1998) , for example, show the patterns of intraday price volatility using indicative quotes. Admati and Pfeiderer (1988) , Brock and Kleidon (1992) , and Hsieh and Kleidon (1996) provided theoretical and empirical background of intraday patterns of the bid-ask spread and of volatility. Ito and Roley (1987) were the first to examine effects of surprise components in macroeconomic announcements both from the United States and Japan on the intra-day movement of the yen/dollar exchange rate. However, the availability of the exchange rate was severely limited at the time, and intra-day observations meant five times of the day.
Once data of the transaction platform became available, many studies have exploited the data. Goodhart and Payne (1996) and Goodhart, Ito and Payne (1996) This paper examines the Japanese macro announcements effects on the exchange rate returns, deal activities, quote revisions, and volatility, using the high frequency dataset of the EBS. EBS has a very large share as the trading platform for the Dollar/Yen and Euro/Dollar. Several contributions of this paper can be summarized as follows. First, since the data are from the actual trading platform, they are quite reliable even during the very volatile period. Many previous research in the literature-not mentioned here-used the Reuters indicative quotes. Indicative quotes have known defects. Quote changes are often used as proxies for trading activities, but proxies are only proxies. It is much better to use actual trading data. Indicative quotes tend to trace the actual movements with delay, since they rely on input by dealers with spare time. Indicative quotes are particularly unreliable when the markets are volatile. In a sense, researchers see only low resolution picture through a lens of minute-by-minute indicative quotes, while researchers see very high resolution picture via records of trading platform of the EBS. This advantage of the EBS data set is well-known and be exploited by Chaboud et al. (2004) and Berger et al. (2005) , Hashimoto (2006, 2007) used the EBS data set. The dataset used in our analysis includes both transactable quotes and transaction (deal) prices of Dollar/Yen from EBS, and represents the majority of spot interbank market.
Second, this paper analyzes effects of the Japanese macroeconomic announcements on the yen/dollar exchange rate. To our best knowledge, this is the first paper to do so with a high frequency trading-platform exchange rate data set.. Most of the empirical literature on news release effects has considered the effects of US/European news releases on financial markets. To list a few among many, Fleming and Remolona (1999) Germany news releases on the foreign exchange markets. The empirical findings by these studies confirm that the US news releases have significant effects on pricing of the financial markets. It is found that macroeconomic fundamentals in the US are an important driving force behind exchange rate movements. Analysis of Japanese news announcements on foreign exchange markets, however, needs to date back to Ito and Roley (1987) , whereas the data used was two-spot (opening and closing) exchange rates.
A key finding of the paper is that the Japanese macroeconomic news has only a limited impact on the Dollar/Yen movements. Some Japanese news releases are found to have particularly large impacts, whereas most others do not. Large impacts in the returns of the Dollar/Yen were observed from surprise components in Tankan (Bank of Japan, business survey), production indices (GDP advance, Diffusion indices), and trade balance figures (BOP, TB) to some extent. However, statistically significant impacts were not observed from surprise components in Retail sales, Nonfarm payrolls, and Money supply news. These results contrast to findings in the previous literature that examines the effects of US news releases effects on the exchange rates. Our results parallel with Ehrmann and Fratzscher (2004) in that they find the US news have relatively greater impacts on the exchange rates than the German news announcements. 1 Although only a few Japanese news releases affect the Dollar/yen returns, news release itself and a surprise component indeed have a significant and long lasting impact on quote price volatility at least 30 minutes and deal and quote revision activities. The significance of the news cannot be summarized by just "surprises." Even if the surprise is zero (market consensus=announcement), there must be distribution around the market consensus, so that trading will follow between pessimists (than the average) and optimists.
Thus, depending on how positions were distributed among pessimists and optimists, price volatility would ensue, and deal amounts will rise even without surprises.
The rest of the paper is organized as flows. In section 2, the Japanese macroeconomic news announcements in this paper will be defined and described. In section 3, the intraday patterns of order flows for each of the news releases are revealed. In section 4, results of econometric estimations of news impacts on returns and volatility will be presented. Section 5 concludes the paper.
Japanese Macroeconomic Statistics Announcements
In this section, important macroeconomic news announcements are identified and defined.
Candidates of the variables parallel the US macro variables as identified by Chaboud et al. (2004) . However, as the economic structure and institutions and the nature macro statistics are different between the two countries, each variable has to be carefully examined and defined. The list of the variables that will be examined in this paper is shown in the Macroeconomic statistical announcements are expected to have several impacts on the exchange rate "returns," "volatilities," and "deal activities." When an announcement has an unexpected content, the surprise is followed by a change in the exchange rate. Any expected part of announcements are already discounted in the exchange rate. It is a usual practice among researchers to use the difference between the actual announcement and the market consensus (an average of the telephone/written survey) prior to the announcement as the unexpected part. Theory predicts that investors and market participants react to a surprise and rebalance their portfolio and positions, sending orders either to buy or to sell. That tends to move the rate. In sum, the surprise would stimulate net order flow and result in the exchange rate returns---positively or negatively depending on the theoretical logic (e.g., any news to make the public think the interest rate would be raised tend to appreciate the currency). If there is no surprise (expected=actual announcement), it is expected to have no impact on returns.
Another impact of macroeconomic announcements appears in price volatility (the average of absolute changes) and the total number of deals in a specified window of time following the macroeconomic announcement. Unlike the exchange rate retuns, price volatility and total number of deals may go up even if there is no surprise, because opinions may differ among participants, while the average of the opinions happens to become the reality upon announcement. Those who had opinions different from the market average has to unwind the positions associated with their opinions. Hence, unless market participants are homogeneous in believing the same expectation-which is most unlikely-some deals are bound to occur right after the announcement. When there is surprise, additional deal activities may be stimulated. Similarly, the price volatility-say, the 15 minute window following the announcement may be higher than other hours, reflecting buying and selling activities.
Since most announcements have the same announcement time, just before 9 am in Japan, the deals activities and price volatility at around 9 am on announcement days are expected to be higher than the same time window of non-announcement days. This can be easily confirmed, in the next section. Hashimoto (2004, 2006) have shown the pattern of the trading activities within the day. The intraday patterns of Dollar/Yen market. As seen in graphs, there are three peaks in a day: Around 9-10am (JST), 4-6pm (JST), and 10pm-midnight (JST). They, respectively, corresponds to Tokyo opening, London opening, and New York opening. The last peak corresponds to the hours that are most active because both London and New York are in business hours. The three troughs, between 2am-8am (JST), around 12am-1pm (JST) and 8pm (JST) correspond to the after New York market close, Tokyo lunch time, and London Lunch time, respectively. 3 The first peak, 9-10 am is just after the time when many macro statistics are announced, i.e., 8:50am. Therefore, the peak may be due to the macroeconomic announcement, and their impacts on deal activities. However, it may be due to a surge of activities due to overnight pent-up demands to sell and buy by retail customers. One way to distinguish these two reasons are to differentiate announcement days (any day when at least one of the major macro announcements took place in the morning). The Figure shows the time period from 6am to 12 noon. The red line shows the benchmark that there was no macro announcement and the black line shows the deal activities of announcement days (at least one macro announcement took place.)
Transaction patterns in a Macroeconomic Data Release day

Impact of "surprises" on Level
In this section, impacts of the Japanese macroeconomic news announcements on the exchange rate level will be examined. Specifically, it will be examined whether and how much the returns on the exchanged rate will be affected by the "surprise component" of macroeconomic news announcement. For each of news releases, the market develops the expected value.
The following regression estimates the price impact of a macro economic news announcement:
where ⊿s(t) is the percentage rate of change in exchange rate from t to t+1, which includes the announcement time; ND is the net order flow, defined as the difference between the number of ask-side deals and the number of bid-side deals; and N(t) is the difference between actual values announced and the market-consensus forecast of the announcement. N is interpreted as unexpected component of the news release.
The interpretation of the slope coefficient of surprise is the effect of a unit surprise in the data release on the exchange rate returns. 5 If the exchange rate process is believed to be a random walk, then 0 3 2 = + β β can be imposed.
Regressions are conducted for 1-minute, 5-minute, and 15-minute returns. Sample period is from 2000 to 2005. We examine news impacts for each type of news release and year by year.
The OLS estimates of 1 β is summarized in Tables 1, 2 As for the news impacts on 1 minute returns, we find that some news whose unexpected surprise component significantly affects on returns and others not.
Roughly speaking, BOP (3 out of 6 years) and KEIKIF (3 out of 4 years) are found to have significant impacts on 1-minute bid returns. The prominent variables that are found to have relatively significant impacts on 1-minute bid/ask returns were TANKANM (2 out of 6 years), GDPP and KEIKIF (2 out of 5 years) and RETAIL (2 out of 6 years). GDPP(2 out of 5 years) and RETAIL(2 out of 6 years) were found to have relatively larger impacts on 1-minute deal returns on bid side, and GDPP (2 out of 5 years) and GDPF (2 out of 6 years) have large impacts on 1-minute deal returns on ask side.
Signs were, however, mixed. It is expected that BOP and TB would had negative coefficients since larger the surpluses in trade or current account balances, the yen is expected to appreciate ( 0 ) ( < Δ t s ). However, the coefficients of BOP for 2002 (1-min bid, ask, and deal ask returns) are significantly positive.
In general, any better growth prospects (TANKAN, GDPP, GDPF, KEIKIP, KEIKIF) should produce appreciation, so that their coefficients are expected to be negative. The results are mostly similar for the ask-side of 1-minute quote returns . The surprise component of TB has significant impact (3 out of 6 years) on returns, and that of Tankan, GDPP, BOP, and Retail are found significant in any two years in sample period. Coefficients of surprise component of Payroll, PPI, CPI (bid returns), and KEIKIP (ask returns) are not significantly detected.
When we use deal prices (ask-side deal price and bid-side deal price), results are slightly different. In general, results are weaker (less cases of statistically significant coefficients with correct signs). For example, GDPP and GDPF in 2003 had significant coefficients with a correct sign, and so did Tankan in 2004. However, others seem to have insignificant coefficients or coefficients with wrong sign. In particular, Payroll, PPI, and BOP did not have any significant coefficients.
Overall, surprise components of Tankan, GDPP, GDPF, and RETAIL had an impact on 1-minute bid/ask quote/deal returns. On the other hand, Payroll and monetary variables (Money, CPI, and PPI) had no impact in either case of quote or deal returns.
Since it may take several minutes for market participants to digest the surprise component of newly released news in particular, we examine the news impact on 5-and 15-minute returns. Results are reported in Tables 2.1 The results of 5-minute and 15-minute returns are mostly similar to those of 1-minute returns. Surprise component of Tankan, GDPP, RETAIL, and KEIKIF are found to have significant impact on both quote and deal price returns to some extent. Most of the surprise components in news releases, however, are not significantly detected: which indicates that surprise component must be absorbed in the market within a very short period of time. The findings in the analysis shed some light on the Japanese news announcement effects on Dollar/Yen returns. First, Japanese macro news releases do not always affect the exchange rate returns. Overall, the surprise components related to production index (GDPP, GDPF, KEIKIF, KEIKIP), Tankan, Retail sales, and trade figures (BOP) have significant impact on returns in some years. We, however, fail to detect any consistently significant impact from other news releases, such as Nonfarm Payrolls, PPI, CPI, and Money supply. The results are in contrast to the findings by Chaboud et al. (2004) where significant impacts from the surprise component of US news releases on both Dollar/Yen and Euro/Dollar (fundamentals stronger than expected drive the dollar appreciate) are found. Second, the Japanese news impacts on returns, when they exist, are very short-lived. This is consistent with Chaboud et al. (2004) , where a movement in returns produced by the unexpected component of the US macroeconomic announcement is found to be generally completed within a few minutes. The findings also confirm Ito and Hashimoto (2007) in that price impact on returns remains only 10-15 minutes at the longest.
Impact on Volatility
We next turn to examine to what extent the news release will affect the exchange rate volatility. Volatility here is defined as sum of squared 1-minute returns over the window of 15 minutes or 30 minutes. The volatility equation is defined as follows.
Here the volatility (V) of time t (announcement window) is explained by volatility of previous time period, V(t-1), the absolute value of surprise components of macroeconomic announcement (|N|), the squared surprise (N 2 ), and the dummy variable of macroeconomic news release, DUMN. The dummy variable takes on the value one at the time of the day of a particular news release, and zero otherwise. It is found that most of Japanese news announcements, except RETAIL, KEIKIP and KEIKIF, affect the volatility of the yen after the news announcement. RETAIL, KEIKIP and KEIKIF are found to have relatively smaller (or no) impacts on volatility. Both surprise components and news release timing (dummy variable) significantly increased volatility. Many of β 1 coefficients are estimated significantly positive (or in some cases insignificantly negative or insignificantly positive), although many of β 2 coefficients are estimated significantly negative. The interpretation of these results are that, although surprise component in news release increases volatility, it is not likely to produce an extraordinary huge jump in exchange rates. β 3 coefficients are estimated positive if it is significantly different from zero. News release itself increases volatility to some extent.
Results of 15 minutes and 30 minutes window are mostly similar, although some of news release becomes insignificant in 30 minutes window. Since there are heterogeneous traders with respect to the forecasts and interpretation of the news, even there is no surprise in terms of market "consensus" forecasts. After the news announcement, whether there was a large surprise or not, volatility in the exchange rate market increases.
Impacts on Total number of Deals
Finally, in order to evaluate the impact of news announcement on Deal activities, the following regression is examined for each type of macroeconomic announcement.
where TD(t.d) is the total number of deals in the specified time window (1 min, 5 min, 15 min) of day d, and the window contains the macroeconomic statistics announcement time; N(t.d) is the unexpected component of the macroeconomic news of day d; and DUMN takes "1" if it was the announcement day, and "0" if it was not announcement day. The sample consists of the particular time window t for all days (d=1, 2, … n). Note that t is fixed for all days.
Deal activity is not affected by surprise components in the news if β1 is not significantly different from zero. On the other hand, coefficient significantly larger than zero means that a surprise component stimulates transactions, and the bigger the surprise, the more the deal. As for β2, coefficient significantly larger than zero is interpreted as a snowball effect on deals from news surprise-number of total deals increases more than proportional to the gap between the predicted and actual news announcement. Significantly positive β3 means that news release itself has an increasing impact on total deals.
The results are summarized in Table 5 .1-5.3. Table 5 .1 shows estimated results of news impact on 1-minute total deals. In most cases, coefficients are significantly estimated. β 1 and β 3 are, in many regressions, significantly positive. This means that a surprise component increases number of deals (sum of deals on both sides) and that news release itself has an impact on deal activity. Coefficient β 2 is, in many cases, significantly negative. That is, even though a surprise component makes FX transaction more active, a number of deals does not always increase proportional to the size of surprise. Even with a huge surprise, an increase in transaction is limited to some extent. In sum, the macroeconomic news announcement seems to have significant impacts on activities of the foreign exchange market.
Conclusion
In this paper, the yen/dollar exchange rate reactions to surprise components of macroeconomic news/statistical announcements were examined using the EBS data set, in which quotes, deal prices from the actual trading platform are recorded. Returns and volatility around the news release announcement days were compared to non-announcement days controlling for time of the day, and other institutional variable. Order flows, measured by the number of deals in 15 minute windows around the news release time, increased most prominently for GDP announcements and Tankan were found to be most influential. GDP, Tankan and trade-related statistics produced statistically significant reactions in returns within 1 -30 minute windows, but sometimes with conflicting signs from a year to another. Although effects on returns are not universally significant, volatility was heightened for both surprise components and the news announcement event (dummy variable) itself. The fact that volatility strongly reacted to the release of macroeconomic news release supports the view that there are heterogeneous beliefs about announcements so that even when an announcement contains no surprise in terms of market consensus, the trading activities will be heightened. 
